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Abstract

There has been little analysis of the effect of inward FDI on international R&D diffusion, especially in
LDCs, although FDI has become the core of international production and LDCs have been receiving an
increasing share of world FDI over the past few decades. Using data from 57 countries from 1988 to
2001, we find that both FDI and trade serve as important channels of international technology
diffusion. However, there exist heterogeneous effects of FDI in DCs and LDCs. For inward FDI to
promote technology diffusion in LDCs, a certain threshold of human capital has to be reached.

Introduction

Recent theories of economic growth refer to endogenous technological improvement as the driving
force of the growth process as opposed to neoclassical models where capital accumulation is
emphasized [Romer, 1990, pp. S71-102]. One important strand of studies look at the technological
improvement at the country level and argue that such improvement occurs in a country as the result of
international research and development (R&D) capital stock diffusion through trade and foreign direct
investment (FDI). Among those studies are Coe and Helpman [1995, pp. 859-87], Coe et al. [1997, pp.
134-49], Hejazi and Safarian [1999, pp. 491-511] and Xu [2000, pp. 477-93]. However, even though FDI
has become the core of international production during the past few decades and the growth of FDI for
many countries exceeds the growth of their imports and exports. Most of those papers focus on R&D
diffusion through trade and the role of FDI has been somehow downplayed. Another frustration with
the existing literature is that researchers seldom examine the technology diffusion in developing
countries (LDCs) and do not distinguish the potential different effects of trade and FDI on technology
diffusion in developed countries (DCs) and LDCs.
This paper attempts to provide a more complete picture of technology diffusion and it contributes to
existing literature as follows: First, the authors include both FDI and international trade as possible
channels of international technology diffusion, measured by international research and development
(R&D) diffusion. Because FDI helps to transfer better technology among countries, it would be logical
to include both FDI and trade are possible channels for international R&D diffusion, excluding either
FDI or trade could overstate the effect of the other. As a result, the estimated results could be biased
because of an omitted variable problem.
Second, the authors include LDCs in the sample. It is very important to include LDCs in the sample since
technology improvement has been considered as the engine of economic growth and the effect of
globalization on the economic growth in LDCs is always at the center of debate for many governments
of LDCs. The addition of LDCs in the sample contributes to not only the technology diffusion literature,
but also the literature of economic growth.
Third, this paper distinguishes the different technology-diffusion effects in DCs and LDCs from trade
and FDI. As pointed out by Blonigen and Wang [2005, pp. 221-244], the nature and volume of FDI in
DCs and LDCs are very different, and it is expected that FDI would have different economic impacts in
DCs and LDCs. For example, Borensztein et al. [1998, pp. 115-35] argues that inward FDI promotes host
countries economic growth only when the host country reaches a certain level of human capital based
on a sample of LDCs. However, with a pooled sample of both DCs and LDCs, Choe [2003, pp. 44-57]
finds little evidence of FDI promoting host countries economic growth. Pooling DCs and LDCs together
possibly blurred the actual impact of FDI on economic growth. Similarly, the R&D diffusion effect of
FDI/trade is very likely to be different in DCs and LDCs and assuming them to be the same could
generate misleading results.
Fourth, this paper uses FDI flow data instead of FDI stock. Using FDI flows in the empirical estimation
logically is more comparable to the measure of trade flows typically used in previous papers.
The sample for empirical estimation includes 57 countries, with 20 OECD DCs and 27 LDCs. The data set
spans from 1988 to 2001. The number of countries included and the time span of our data set are

determined by data availability. The authors consider R&D diffusion by both FDI and trade and find
that both FDI and trade are important channels of cross-country technology diffusion. However, in the
sample trade has a stronger effect on productivity than FDI. In addition, the authors find that FDI does
have heterogeneous effects on R&D diffusion in DCs and LDCs. For LDCs to benefit from the technology
transferred by inward FDI from DCs, a minimum threshold of human capital has to be met in recipient
LDCs.
The paper proceeds as follows: The next section reviews the existing literature. The third section
introduces the theoretical background and our empirical specification. The fourth section presents the
data. The fifth section discusses the empirical results while the final section concludes.

Literature Review

According to Grossman and Helpman [1991], trade can help technology transfer through a number of
channels. First, information may be exchanged when business partners meet in order to establish
commercial relationships or arrange any kind of transaction. Second, trade introduces competition
among innovators in different countries. Competition gives entrepreneurs a strong incentive to
generate ideas and products that are unique in the global marketplace. Third, trade reduces the
duplication of R&D effort and increases the productivity of resources by allocating them more
efficiently. FDI has also been considered a vehicle of transferring not only physical capital, but also
intangible assets as advanced technology or better management skills [Caves, 1974, TRADE AND FDI
439pp. 176-93; Globerman, 1979, pp. 42-56; Pfaffermayr, 1996, pp. 501-22; Brainard, 1997, pp. 52044; Borensztein et al., 1998, pp. 115-35].
A survey paper by Saggi [2000] provides two main connotations on the relationship between
international trade and technology. First, trade alters the allocation of resources in a country by
selecting the sectors in which an economy enjoys a comparative advantage. Second, trade is one of the
channels supporting technological spillovers among economies. Trade can have a favorable impact on
the productivity level of a country since it helps to transmit knowledge and technology at an
international scale. Coe and Helpman [1995, pp. 859-87] present their well-known study on the
international R&D diffusion among 21 OECD countries and Israel over the period of 1971-1990. Using
pooled data, the authors find that trade is an important channel of transferring technology and tradeweighted foreign R&D stock has a positive and significant impact on domestic country’s total factor
productivity (TFP). Their estimates also suggest domestic R&D has a positive effect on TFP, but foreign
R&D capital stock seems to have a stronger effect on TFP than domestic R&D.
Similarly, Coe et al. [1997, pp. 134-49] investigate the importance of trade as a vehicle for
technological spillovers as it allows LDCs to close the gap with respect to DCs. Their findings show that
TFP in LDCs is positively and significantly related to the R&D of their industrial trade partners. The
spillovers from the United States prove to be the largest as the U.S. is the leading trade-partner for
many LDCs.
Xu and Wang [1999, pp. 1258-74] study R&D spillovers through capital goods trade and they compare
it to the effect of non-capital goods trade. Their results suggest that the capital goods trade makes a
more significant contribution to international R&D diffusion due to their higher content of technology.

In fact, the authors argue that about half of the benefits of R&D investment in a G7 country are
obtained by itself, and the other half were obtained and transmitted by another OECD country.
During the past few decades, FDI done by Multinational Enterprises (MNEs) has been considered as
one of the most important conduits for technology diffusion. For instance, in 1995 over 80% of global
royalty payments were made from subsidiaries to their parent companies [UNCTAD, 1998]. FDI has
been recognized as a vehicle for transferring both tangible and intangible assets. The literature on the
topic presents three different channels for potential technology spillovers through FDI [UNCTAD,
2000]:
1. Backward linkages with suppliers: their impact on the local firms depends on the degree of
commitment existing between the MNE and its supplier, the quantity and types of supplied
inputs, and the willingness of the MNE to transfer knowledge.
2. Linkages with technological partners: these equity and non-equity agreements, such as jointventures, licensing, and strategic partnerships.
3. Forward linkages with customers: the most important ones refer to marketing outlets where
the MNEs outsource the distribution of brand name products. The second type is with industrial
buyers, and the third one involves MNEs that produce goods for secondary processing, mainly
commodities.

Xu [2000, pp. 477-93] conducts a multi-country study using data from five surveys done by the U.S.
Bureau of Economic Analysis. The author studies technology transfer effect of U.S. MNE affiliates in
host countries. Interestingly, Xu finds different technology transfer effects of US MNEs in DCs and
LDCs. Results of the paper suggest that the US MNEs enhance productivity growth in other DCs.
However, for US MNEs to have a positive effect on productivity growth in LDCs, a certain level of
human capital needs to be achieved in the host LDCs. However, trade is not introduced in Xu’s model
as a possible channel of technology diffusion.
Hejazi and Safarian [1999, pp. 491-511] investigate both FDI and trade as channels for R&D diffusion
from G7 countries to other OECD countries plus Israel. Based on data similar to those used by Coe and
Helpman [1995, pp. 859-87], Hejazi and Safarian find that both trade and FDI play important roles in
promoting international technology diffusion. However, FDI dominates trade in the effect of
transferring technology and the importance of trade diminishes as FDI is introduced in their model.

Theory and Empirical Specification

Here the authors consider the model of technology diffusion as presented in Borensztein et al. [1998,
pp. 115-35]. In a domestic country, the final output is produced using a variety of intermediate capital
inputs. Those intermediate capital inputs are produced by both domestic firms and foreign firms.
Domestic firms produce N varieties of intermediate capital inputs and foreign firms produce N*
varieties of intermediate capital inputs. Foreign countries are assumed to be technological leading
countries and foreign firms innovate new intermediate capital inputs. Foreign intermediate capital
inputs can be obtained in domestic countries through either trade or inward FDI. Domestic firms
imitate or copy the advanced technology embodied in foreign capital inputs and then produce new

capital inputs. As a result, trade and FDI are both potential channels for international technology
diffusion.
The empirical specification follows closely Coe and Helpman [1995, pp. 859-87]. As mentioned in Coe
and Helpman, “the measure of available inputs expands as a result of R&D investment.” The
cumulative R&D effort in technological leading countries could diffuse to domestic countries through
both trade and FDI and help to enhance domestic countries productivity. To be more specific, total
factor productivity (TFP) of country 𝑖𝑖 in time period 𝑡𝑡 is used as the authors measure of productivity
and the empirical estimation is given by the linear specification as follows:
(1)

log 𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖 = 𝛼𝛼𝑖𝑖 + 𝛽𝛽1 log 𝑆𝑆𝑖𝑖𝑖𝑖𝐹𝐹𝐹𝐹𝐹𝐹 + 𝛽𝛽2 log 𝑆𝑆𝑖𝑖𝑖𝑖𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + 𝛽𝛽3 𝐻𝐻𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖

and

(2)

(3)

𝐹𝐹𝐹𝐹𝐹𝐹
∗ 𝑅𝑅𝑅𝑅𝑗𝑗𝑗𝑗
𝑆𝑆𝑖𝑖𝑖𝑖𝐹𝐹𝐹𝐹𝐹𝐹 = � 𝑠𝑠𝑗𝑗𝑗𝑗𝑗𝑗
𝑗𝑗≠𝑖𝑖

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑆𝑆𝑖𝑖𝑖𝑖𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = � 𝑠𝑠𝑗𝑗𝑗𝑗𝑗𝑗
∗ 𝑅𝑅𝑅𝑅𝑗𝑗𝑗𝑗
𝑗𝑗≠𝑖𝑖

𝐹𝐹𝐹𝐹𝐹𝐹
represents the
where log 𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖 is the log value of total factor productivity in country 𝑖𝑖 in year 𝑡𝑡. 𝑠𝑠𝑗𝑗𝑗𝑗𝑗𝑗
FDI inflows received by country 𝑖𝑖 from country 𝑗𝑗 as a share of total FDI outflows from country 𝑗𝑗 in year
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑡𝑡; and 𝑠𝑠𝑗𝑗𝑗𝑗𝑗𝑗
represents country is imports from country 𝑗𝑗 as a share of country 𝑗𝑗’s total exports in year
𝐹𝐹𝐹𝐹𝐹𝐹
𝑡𝑡. 𝑅𝑅𝑅𝑅𝑗𝑗𝑗𝑗 represents R&D capital stock in country 𝑗𝑗 in year 𝑡𝑡. As a result, 𝑠𝑠𝑗𝑗𝑗𝑗𝑗𝑗
is the FDI-weighted foreign
R&D stock for country 𝑖𝑖 in year 𝑡𝑡 or foreign R&D stock diffusion to country 𝑖𝑖 through inward FDI; and
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
is the trade-weighted foreign R&D stock for country 𝑖𝑖 in year 𝑡𝑡 or foreign R&D stock diffusion to
𝑠𝑠𝑗𝑗𝑗𝑗𝑗𝑗
country 𝑖𝑖 through trade. Hit is the measure of human capital in country 𝑖𝑖 in year 𝑡𝑡.

Furthermore, the authors expect two countries with the same composition of imports from its trade
partners to possibly experience different R&D diffusion effects because of different degrees of
economic openness. For example, imports to Mexico and Ghana from U.K can both account for 2% of
UKs total exports in a particular year. Therefore, Mexico and Ghana can obtain the same amount of
foreign R&D capital stock from U.K through trade. However, countries that import differently relative
to their GDP could benefit differently from foreign R&D capital stock. Similar idea also applies to FDIweighted foreign R&D capital stock. Therefore, the authors also estimate an alternative model as
follows:

(4)

log 𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖 = 𝛼𝛼�𝑖𝑖 = 𝛽𝛽�1 𝐹𝐹𝐹𝐹𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 + 𝛽𝛽�2 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 + 𝛽𝛽�3 𝐻𝐻𝑖𝑖𝑖𝑖 + 𝜀𝜀̃𝑖𝑖𝑖𝑖
𝐹𝐹𝐹𝐹𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 = 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 ∗ log 𝑆𝑆𝑖𝑖𝑖𝑖𝐹𝐹𝐹𝐹𝐹𝐹

(5)

(6)

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 = 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑖𝑖𝑖𝑖 ∗ log 𝑆𝑆𝑖𝑖𝑖𝑖𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

The variable 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖 represents country is openness toward FDI, measured as the ratio of country
𝑖𝑖’s total FDI inflows to GDP; similarly 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑖𝑖𝑖𝑖 is the openness of country 𝑖𝑖 toward trade, measured
as the ratio of country 𝑖𝑖’s total imports to GDP. 𝐹𝐹𝐹𝐹𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 and 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 represent country 𝑖𝑖’s FDIweighted foreign R&D stock and trade-weighted foreign R&D stock taking into account country 𝑖𝑖’s
openness toward FDI and trade, respectively.1
Previous studies concentrating on international technology diffusion among developed OECD countries
use domestic R&D capital stock as a measure for domestic technological level. However, the authors
are not able to include domestic R&D capital stock as one of the control variables in our sample since it
is virtually impossible to get data on domestic R&D for LDCs. As a result, this paper uses a human
capital measure instead. Borensztein et al. [1998, 115-35] show that for domestic countries to be able
to imitate or copy innovations by foreign countries, domestic countries must reach a certain level of
human capital. The inclusion of 𝐻𝐻 not only controls for domestic technological capacity, but also helps
to catch any complementarity between human capital and trade/FDI.
The authors expect that trade has a positive effect on importing countries TFP through R&D diffusion.
Thus, the coefficients on trade-weighted foreign R&D variables are hypothesized to be positive and
significant �𝛽𝛽2 > 0, 𝛽𝛽�2 > 0�.

In this paper, the major variables of interest are 𝑠𝑠𝑖𝑖𝑖𝑖𝐹𝐹𝐹𝐹𝐹𝐹 and 𝐹𝐹𝐹𝐹𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 . If the coefficients on FDI-weighted
foreign R&D capital stock are positive and significant �𝛽𝛽1 > 0, 𝛽𝛽�1 > 0�, then FDI is also an important
channel of international technology diffusion in our sample with both DCs and LDCs. Furthermore, the
authors are able to explore whether there exist heterogeneous effects of FDI (trade) on R&D diffusion
in DCs and LDCs. As Hejazi and Safarian [1999, pp. 491-511] also investigate FDI and trade both as
channels for R&D diffusion, this study is different and provides a more complete picture since the
sample includes both DCs and LDCs and our sample covers a longer period. It is important to include
LDCs in the sample for our empirical study. Technology improvement is considered as the engine of
economic growth according to endogenous growth theory. LDCs would be more interested in the
technology diffusion effects of both trade and FDI since economic growth is the first priority for most
LDCs.

Data

This paper includes 57 countries: 20 developed OECD countries (OECD20) and 27 LDCs. The authors use
OECD20 as the source of R&D capital stock and study how technology diffusion can happen between
OECD20 and from OECD20 to other LDCs. Data on Bilateral FDI flows among OECD20 and FDI outflows
from OECD20 to the LDCs in our sample are obtained from OECD international direct investment
database. Bilateral trade data among OECD20 and exports from the OECD20 to LDCs are from OECD
monthly statistics of international trade database.

𝑇𝑇𝑇𝑇𝑇𝑇 is used to measure productivity in each country and is calculated based on the country’s capital
𝛾𝛾 1−𝛾𝛾 −1

stock, labor force, and output. To be more specific, 𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖 = 𝑌𝑌𝑖𝑖𝑖𝑖 �𝐾𝐾𝑖𝑖𝑖𝑖 𝐿𝐿𝑖𝑖𝑖𝑖 � , where 𝑖𝑖 and 𝑡𝑡 are country
and year index respectively. 𝑌𝑌 represents real GDP; 𝐾𝐾 is capital stock; and 𝐿𝐿 represents labor force.
Assuming constant returns to scale production process, 𝛾𝛾 represents the share of capital expenditure
and 1 − 𝛾𝛾 represents the share of labor expenditure. This measure is consistent with the measures of
TFP in previous literature. Following Coe and Helpman [1995, pp. 859-87] and Xu [2000, pp. 477-93],
shares of capital expenditure and labor expenditure in final output are assumed to be 0.35 and 0.65,
respectively. Real GDP and labor force data come from World Development Indicator (WDI) 2004
published by the World Bank. Physical capital stock values are calculated based on aggregated
investment, which is obtained from WDI 2004. Detailed TFP values derivation is described in the
Appendix.
Domestic R&D capital stock in each of the OECD20 countries is calculated using real R&D expenditure
data from the OECD science and technology database. Real R&D capital stock values are estimated
using the following accumulation method:
𝑅𝑅&𝐷𝐷𝑖𝑖𝑖𝑖 = 𝑅𝑅&𝐷𝐷𝑖𝑖𝑖𝑖−1 ∗ (1 − 𝛿𝛿) + 𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖
𝑅𝑅&𝐷𝐷𝑖𝑖0 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖0 (𝛿𝛿 + 𝑔𝑔𝑖𝑖 )−1

where 𝑅𝑅&𝐷𝐷𝑖𝑖𝑖𝑖 is the R&D capital stock in country 𝑖𝑖 and year 𝑡𝑡. 𝑅𝑅&𝐷𝐷𝑖𝑖𝑖𝑖 represents R&D capital
expenditure in country 𝑖𝑖 and year 𝑡𝑡. 𝑅𝑅&𝐷𝐷𝑖𝑖0 represents the initial R&D capital expenditure in country 𝑖𝑖.
𝛿𝛿 is R&D capital depreciation rate and is assumed to be 5%. 𝑔𝑔𝑖𝑖 is the average R&D expenditure growth
rate in country 𝑖𝑖 over the sample period.

Human capital in the sample is measured as the average years of secondary schooling in male
population over 25 years old and the data are obtained from the updates of Barro and Lee [1993, pp.
363-94] provided by Center for International Development at Harvard University. The sample spans
from 1988 to 2001 whenever possible, while previous studies generally use data from 1970 to 1990.
The sample periods and countries are solely determined by the availability of OECD20 FDI outflows and
exports to LDCs.

Empirical Results
Basic Results

Table 1 presents descriptive statistics for major variables in this study. The authors consider three
types of estimations for the cross-sectional time-series data: simple pooled
TABLE 1 Simple Descriptive Statistics
Variables
# Of Observations Mean Standard Deviation
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
788 10.17
1.43
Log 𝑆𝑆
𝐹𝐹𝐹𝐹𝐹𝐹
757 9.60
2.21
Log 𝑆𝑆
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
783 0.18
0.14
𝐹𝐹𝐹𝐹𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
754 0.28
0.53
Log 𝑇𝑇𝑇𝑇𝑇𝑇
1250 6.20
0.40
𝐻𝐻
1081 2.45
1.29

OLS, fixed effects (FE) model and random effects (RE) model. The advantage of pooled OLS is that it has
large degrees of freedom, but this method assumes that the intercepts and slope coefficients are the
same across countries and time. The FE model incorporates differences between countries in the sense
that it allows intercepts to vary across different countries, but assumes the intercepts stay constant
over time. RE model also allows the intercepts to change for different cross-sectional unit, but the
changes are random. The Breusch-Pagan LM test shows that RE/FE model is preferred to pooled
regression; and Hausman specification test indicates that FE model is preferred to RE model.
Therefore, the authors adopt fixed-effects (FE) estimation method to explore the panel characteristics
of the data set. Regression results are reported in Tables 2-4. The dependent variable in all the
regressions is the log value of TFP.
Table 2 shows the results based on equation (1). 𝑟𝑟 2 in the regressions are reasonably large for panel
data analysis, which suggests a decent goodness of fit. Regression (1.1) in Table 2 indicates that the
coefficient on human capital (𝐻𝐻) is positive and significant, which implies that domestic human capital
has a positive impact on a country’s total factor productivity. The coefficient on trade-weighted foreign
R&D �log 𝑆𝑆 trade � is 0.344 and significant at the 1% level. This indicates that the elasticity of total factor
productivity with respect to trade-weighted foreign R&D is 0.344 and a 1-% increase in trade-weighted
foreign R&D leads to a 0.344% increase in domestic country’s TFP. In other words, a one-standarddeviation increase in the log value of trade-weighted foreign R&D leads to an increase of 0.4952 in log
value of TFP, which is approximately 8% of the sample average of log TFP.2 The elasticity of TFP with
respect to FDI-weighted foreign R&D (log 𝑆𝑆 𝐹𝐹𝐹𝐹𝐹𝐹 ) is much smaller (0.005) and is not significant at
conventional levels.
TABLE 2 Results for Basic Estimation (Dependent Variable: Log Value of TFP)
Variable
FE
FE
FE
FE
(1.1)
(OECD20) (LDCs)
(LDCs)
(1.2)
(1.3)
(1.4)
𝐻𝐻
0.199***
0.022* 0.052***
0.037
(0.014)
(0.011)
(0.015)
(0.041)
𝑆𝑆 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
0.344*** 0.294*** 0.166*** 0.165***
Log
(0.016)
(0.026)
(0.014)
(0.014)
𝑆𝑆 𝐹𝐹𝐹𝐹𝐹𝐹
0.005
0.008*
0.004
0.002
Log
(0.003)
(0.004)
(0.003)
(0.007)
𝐹𝐹𝐹𝐹𝐹𝐹∗𝐻𝐻
0.001
LogS
(0.004)
Trend
0.024*** 0.021*** 0.021***
(0.001)
(0.001)
(0.001)
2
0.26
0.26
0.06
0.06
𝑅𝑅
𝐹𝐹 − 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
342.32*** 851.21*** 404.13*** 322.74***
Sample size
640
280
360
360
Standard errors in parentheses.
***1% significance.
**5% significance.

*10% significance.
TABLE 3 Results for Alternative Measures (Dependent Variable: Log Value of TFP)
Variable
FE
FE
FE
FE
(2.1)
(OECD20)
(LDCs)
(LDCs)
(2.2)
(2.3)
(2.4)
𝐻𝐻
0.034***
0.024*
0.042**
0.011
(0.012)
(0.014)
(0.018)
(0.020)
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑟𝑟
0.212***
0.237*
0.183*
0.254**
(0.076)
(0.143)
(0.099)
(0.099)
𝐹𝐹𝐷𝐷𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑟𝑟
0.002
0.013*
-0.005
-0.147***
(0.006)
(0.007)
(0.009)
(0.040)
𝐹𝐹𝐷𝐷𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ∗ 𝐻𝐻
0.076***
(0.021)
Trend
0.03***
0.030***
0.028***
0.029***
(0.001)
(0.001)
(0.001)
(0.001)
2
0.30
0.45
0.24
0.22
𝑟𝑟
𝐹𝐹 − 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
645.71***
555.099***
252.19*** 211.95***
Sample size
638
280
358
358
Standard errors in parentheses.
*** 1% significance.
** 5% significance.
* 10% significance.
According to Blonigen and Wang [2005, pp. 221-44], pooling DCs and LDCs in one sample in FDI studies
might generate misleading regression results because of different FDI activities in DCs and LDCs. The
insignificance of FDI might be caused by the pooling of different countries. To investigate it further, the
authors separate the whole sample into two sub-samples including OECD20 and LDCs, respectively.
Regressions (1.2)-(1.3) represent the sub-sample results. Coefficients on the trade-weighted foreign
R&D are positive and significant at the 1% level in both OECD20 and LDCs sub-samples. For OECD20, a
1% increase in trade-weighted foreign R&D will lead to a 0.294% increase in TFP. And a 1% increase in
trade-weighted foreign R&D will increase TFP by 0.166in LDCs. Furthermore, regression (1.2) shows
that in OECD20 countries, FDI-weighted foreign R&D has a positive and significant impact on TFP. The
elasticity of TFP with respect to FDI-weighted foreign R&D is 0.008 for OECD20. However, the
coefficient on FDI-weighted foreign R&D (logS 𝐹𝐹𝐹𝐹𝐹𝐹 ) is positive, but not significant in the LDCs subsample.
The authors observe different effects of FDI on R&D diffusion in DCs and LDCs. These results indeed
raise an interesting question: why FDI promotes cross-country R&D diffusion in OECD20 sample, but
not in the LDCs sample? Or in other words, why multinational corporations from DCs do not generate
R&D diffusion effect in host LDCs?

An influential paper from Borensztein et al. [1998, pp. 115-35] points out that there exists
complementarity between FDI and host country’s human capital in LDCs. That is, for FDI to promote
economic growth, host countries must achieve a certain threshold level of human capital. The authors

include an interaction between host country’s human capital and the FDI variable (log𝑆𝑆 𝐹𝐹𝐹𝐹𝐹𝐹 ∗ 𝐻𝐻) in
regression (1.4) for LDC sub-sample. The coefficient on the new interaction variable is positive, but not
significant at conventional levels. However, the positive coefficient on the interaction variable might
suggest the potential complementarity of FDI and human capital in LDCs.

TABLE 4 IV Estimation (Dependent Variable: Log Value of TFP)
Variable
IV
IV
IV
IV
(3.1)
(OECD20) (LDCs)
(3.4)
(3.2)
(3.3)
𝐻𝐻
0.022*
0.031**
0.034*
0.015
(0.013)
(0.015)
(0.018)
(0.014)
𝑆𝑆 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
0.124*** 0.284*** 0.13***
Log
(0.014)
(0.029)
(0.017)
𝐹𝐹𝐹𝐹𝐹𝐹
0.010*** 0.010*
0.012***
Log 𝑆𝑆
(0.003)
(0.005)
(0.004)
𝑆𝑆 𝐹𝐹𝐹𝐹𝐹𝐹 ∗𝐻𝐻
Log
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑟𝑟
0.286***
(0.083)
𝐹𝐹𝐷𝐷𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑟𝑟
0.012*
(0.007)
𝐹𝐹𝐷𝐷𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑟𝑟 ∗ 𝐻𝐻

IV
(OECD20)
(3.5)
0.017
(0.019)

IV
(LDCs)
(3.6)
0.015
(0.020)

0.412**
(0.172)
0.013
(0.008)

0.234**
(0.107)
0 .029
(0.024)

IV
(LDCs)
(3.7)
-0.007
(0.021)

0.288**
(0.118)
-0.11***
(0.042)
0.062***
(0.021)
Trend
0.026*** 0.026*** 0.022*** 0.029*** 0.023*** 0.028*** 0.028***
(0.001)
(0.001)
(0.001)
(0.001)
(0.001)
(0.001)
(0.001)
2
0.28
0.24
0.05
0.21
0.41
0.18
0.17
𝑅𝑅
𝐹𝐹 − 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
615.23*** 692.73*** 246.96*** 211.95*** 488.55*** 187.49*** 157.97
Sample size 595
260
335
594
260
334
324

Standard errors in parentheses.
***1% significance.
**5% significance.
*10% significance.

Different from Hejazi and Safarian [1999, pp. 491-511], results from this paper indicate that trade has a
stronger effect on international R&D diffusion than FDI. The differences in the values of estimated
coefficients in our paper and those in Hejazi and Safarian could be caused by different sample period
and different control variables included in the model.3 One possible reason for why FDI in this paper
does not have so strong an impact on international R&D diffusion as trade is that FDI might contribute
more to capital accumulation than to productivity improvement.

Alternative Measures

In Table 3, the authors employ alternative measures of trade-weighted and FDI-weighted foreign R&D,
which is discussed in equation (4). The alternative measures take into consideration of a country’s
openness to trade and openness to FDI, where a country’s openness to trade and FDI is measured as
imports as a share of GDP and FDI inflows as a share of GDP, respectively.
The trade and FDI variables used in regressions (2.1)-(2.4) in Table 3 are described in equations (5) and
(6). Regression (2.1) presents results for the whole sample. Similar to results from Table 2, the
coefficient on trade variable is positive and significant at the 1% level. The coefficient on FDI variable is
positive, but not significant at conventional levels. Regressions (2.2) and (2.3) further explore the
heterogeneity of trade and FDI as channels of international technology diffusion in DCs and LDCs.
Results from regression (2.2) show that in DCs both trade and inward FDI have a positive and
significant effect on domestic country’s productivity. Furthermore, in regression (2.2) the coefficient on
trade-weighted foreign R&D is 0.237, which is smaller compared with 0.294 in regression (1.2). On the
contrary, the coefficient on FDI variable in regression rises from 0.008 in regression (1.2) to 0.013 in
regression (2.2). Under the alternative measures, the coefficient on trade-weighted foreign R&D
(0.237) is close to that in Coe and Helpman [1995, pp. 859-87], which is 0.294. The authors also
observe similar qualitative results as in Hejazi and Safarian [1999, pp. 491-511]. That is when openness
to FDI and trade are considered, the importance of FDI as a channel of international R&D diffusion
among DCs rises and the importance of trade goes down. Furthermore, even though quantitatively
somehow different, this paper’s results are qualitatively similar to all previous studies.
Regression (2.3) shows that in LDCs, imports from DCs have a positive impact on domestic TFP, while
inward FDI from DCs alone does not have a significant impact on its productivity. These authors include
an interaction between human capital and the FDI variable for LDCs in regression (2.4). As seen, after
the interaction variable (FDI𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 ∗ 𝐻𝐻) is added, coefficient on the FDI variable becomes negative (0.147) and significant, while the coefficient on the interaction between FDI and human capital is 0.076
and significant at the 1% level. The results are consistent with Borensztein et al. [1998, pp. 115-35] and
suggest that a threshold level of human capital is required for MNCs to benefit LDCs through
technology diffusion. According to the coefficients estimates, this minimum human capital level is 1.93,
which means a minimum of 1.93 years secondary schooling on average. This estimated value is also
consistent with Xu [2000, 477-93], indicating a threshold of 1.9 years of secondary schooling. In this
paper, LDCs sub-sample average of human capital is 1.74, which does not meet the threshold value.
The insignificant effect of FDI in regression (2.3) might occur because on average, the threshold value
of human capital is not met by the LDCs in our sample. However, individual LDCs with above average
human capital level would experience positive effect from FDI on TFP.

𝑟𝑟 2 s in Table 3 are generally larger than those in Table 2, which represent a better goodness of fit in
Table 3. It is especially evident in the sub-sample regressions. The OECD20 sub-sample 𝑟𝑟 2 in regression
(2.2) is 0.45, compared with 0.26 in regression (1.2). Similarly, the LDCs sub-sample 𝑟𝑟 2 increases to
0.22 in regression (2.4) from 0.06 in regression (1.4). Overall, DCs sub-samples have a better fit than
LDCs sub-samples. This could be caused by the quality of data of LDCs. 𝐹𝐹-test statistics are also
reported in all tables. The results of F-tests indicate the coefficients are jointly significant at the 1%
level.

Sensitivity Analysis

To control for potential endogeneity problem, instrumental-variables (IV) regressions are performed.
Theoretically, good instrumental variables are variables that are correlated with the trade-weighted
(FDI-weighted) foreign R&D capital stock, but are not correlated with error terms. However, ideal
instruments are quite often not available empirically. In this study, instruments for current tradeweighted foreign R&D (current FDI-weighted foreign R&D) include lagged trade-weighted foreign R&D
(lagged FDI-weighted foreign R&D), openness to trade (openness to FDI), human capital, and time
trend. Regressions (3.1)-(3.7) in Table 4 report the IV estimation results. The IV estimation generates
qualitatively similar results as those shown in the previous two tables. Trade-weighted foreign R&D
measures are positive and significant in all regressions in Table 4. However, for FDI-weighted foreign
R&D to have a positive impact on host LDCs TFP, the LDCs human capital has to reach a minimum level.
The threshold level of human capital according to the IV estimation is 1.77.

Conclusion

This paper investigates both trade and FDI as channels of international R&D diffusion. Using data from
57 countries from 1988Y2001, results suggest that bilateral trade among DCs and exports from DCs to
LDCs have a positive effect on the importing country’s productivity through R&D diffusion. Generally,
trade has a stronger effect on TFP than FDI.
More interestingly, the authors also find that there exist different effects of FDI and trade on R&D
diffusion in DCs and LDCs. Both trade and FDI have positive and significant impacts on international
R&D diffusion among the 20 OECD countries in the sample. However, FDI from DCs to LDCs does not
promote technology improvement in host LDCs unless the human capital passes a certain threshold
level in LDCs. This suggests a complementarity between FDI inflows and human capital in LDCs.
Findings in this paper leave several issues for future research. As an extension to this paper, it would
be interesting to study closely why trade in this study would have a stronger effect on international
R&D diffusion than FDI. It is also possible to use disaggregated data and explore the international
technology diffusion effects from trade and FDI in different sectors.

APPENDIX
TFP Calculation

Suppose production function is 𝑌𝑌𝑖𝑖𝑖𝑖 = 𝐾𝐾𝑖𝑖𝑖𝑖0.35 𝐿𝐿0.65
𝑖𝑖𝑖𝑖 , where 𝑌𝑌 represents real GDP, 𝐾𝐾 is capital stock, and 𝐿𝐿
represents labor force. Then Total factor Productivity of country 𝑖𝑖 in year 𝑡𝑡 can be calculated as

𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖 = 𝑌𝑌𝑖𝑖𝑖𝑖 ⁄�𝐾𝐾𝑖𝑖𝑖𝑖0.35 𝐿𝐿0.65
𝑖𝑖𝑖𝑖 �. Following Easterly and Levine [2001, pp. 177-219], initial capital stock 𝐾𝐾0 is
𝐼𝐼
calculated as 𝐾𝐾0 = 0�(𝑔𝑔 + 𝛿𝛿), where 𝐼𝐼0 is the initial gross investment; 𝑔𝑔 represents average growth
rate of real GDP. Growth rate 𝑔𝑔 is a weighted-average of world average GDP growth with a weight of
0.75 and country 𝑖𝑖’s average GDP growth with a weight of 0.25. Average world GDP growth takes the
value of 0.0423. 𝛿𝛿 is the capital depreciation rate and we assume 𝛿𝛿 = 0.07. Once initial capital stock is
obtained, capital stock values in the following periods are derived based on the method of perpetual
inventory: 𝐾𝐾𝑡𝑡 = (1 − 𝛿𝛿)𝐾𝐾𝑡𝑡−1 + 𝐼𝐼𝑡𝑡 , where 𝐾𝐾𝑡𝑡 is capital stock in period 𝑡𝑡; 𝐼𝐼𝑡𝑡 represents gross investment
in period 𝑡𝑡.

Footnotes

simple correlation between log 𝑆𝑆𝑖𝑖𝑖𝑖𝐹𝐹𝐹𝐹𝐹𝐹 and log 𝑆𝑆𝑖𝑖𝑖𝑖𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 is 0.74. The simple correlation between
𝐹𝐹𝐹𝐹𝐹𝐹_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 is 0.55.
21.4396 ∗ 0.344 = 0.4952.
3This study covers from 1988 to 2001 while theirs covers from 1970 to 1990. Hejazi and Safarian
examine technology diffusion from G7 countries to other OECD countries plus Israel, while this paper
looks at the technology diffusion among 20 OECD countries and from those 22 OECD countries to other
27 LDCs. Hejazi and Safarian use FDI stock as measures of FDI, while this paper uses FDI flows since we
believe the flow measure is more consistent with trade measure. Hejazi and Safarian include domestic
R&D capital stock as a control variable, while this paper replaces it by human capital measured as
average years of education.
1The
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